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BXOZXEGRADABLB POLYMERS FOR CELL TRANSPLANTAnOlY ' 

. Field of the Xnvention 
present invention <iescribes tlie synthesis and 
applications of a hydrolyt±cally degz-adable polyaer 
useful in biomedical applications involving the 
interaction of cells with the polymer structure. 

Baeltground of ^lie Invention 
ov^er the years, there have been many successfaX 
uses of polymers in medicine. Most of tbese 
applics'tions require minimal polymer cell 
interactions. Consequently, tibere has been a lot 
work done on minimizing the interactions of these 
polymer systems with the cells that they come in 
contact with. • 

However, one challenge in the area of bianedicaX 
materials that has received less attention is the 
development of substrates that: can interact favorably 
with mammalian cells either iJ2 vitro or ±ji vivo. Such 
materials could be useful for* many applications from, 
the basic study of how cells interact witli surfaces -bo 
applied areas such as in vitro mammalian cell cultixacre 
for the production of useful materials and in vivo 
cell transplantation for replacement of lost cellulaxr 
function* 

To illustrate the need fox* in vivo cell 
transplantation, it is worth considering ttiat the 
success of. whole organ transpl.antation is limited hy 
donor organ availability. As an example, 
transplantation of the liver is often times successfual 
but has plateaued at about 22 OO transplants per year 
because of donor scarcity. Unfortunately, 30,000 
Americans die every year of liver disease while an 
additional 5 million Americans are affect:ed. Ihe cos*^ 
to the economy is more than $X4 billion dollars 
annually* situation is s±milar with otber organ 
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6yst;e3iis such as the Xidney, pancreas^ lung, and Ixeart. 

*rhe demand for replaceaent organs is theref or-e 
very Jiigli* However, since the function of aost o« 
these organs is so conplex and in nost: <»se8 not: yet 
completely und^stood, synthetically recreating t:lieir 
function is practically impossible. Alternative 
treatments concaitrate on manipulatixig the smallest 
functional unit of the organ^ the individuaa cell. 
Many ^oups have attenrpted cell transplantation imder 
a variety of conditions (Bumgardner, C.^ L.; FasolA, 
C; aiBd Sutherland D- E. R- r "Prospects f or Hepatocyte 
Transplantation," HsEfliailfigXr 1158-1161 (1988); 
Wong, H. and Chang, T. S., "The Viability and 
Regeneration of Artificial Cell Microencaitoilatea Rat 
HepatcKsyte Xenograft Transplants in Hicse," BigWftfrr * 
j^j^^_ns.rr^. Art, org.. 1€, 731-739 (1988) ; Vacanti ^ J. 
P.; Moxse, M. A.; Saltznan, M.; Donh, A. J.; 
Perez-Atayde, A. ; and I^anger , R. , "Selective Cell 
Transplant:ation Using Bioabsorbable Artificial 
Polynexrs as Matrices," Jn^^^^l of Pediatric BHraerv^ 
23^ 3-9 (1988); U. S. Patent:, 4,696,286 to Cochrum 
(1987); Dawson, R. M. ; Broughton, R. I**; Stevenson, W. 
T. K»; and Sefton, H. V. , ••Micaroencapsulation of CHO 
Cells in a Hydroxyethyl Metliacrylate-Methyl 
Methacrylate Copolyaer,* p^omaterials, 8 , 360-366 
(1987); Jaffa, V.? Darby, H. ; and Selden, C, "The 
Growth of Transplanted U.ver Cells witliin the 
Pancreas," Transplantation . 45, 497-498 (1987); 
Ricordir C-; Flye, W.; and Lacy, P. E., "Renal 
Subcap^lar Transplantation of clusters of Hepatocartes 
in conjunction with Pancreatic Islets,** 
jj^Ugglaatatifiii, 45, 1148-il51 (1987) ; sun, A. M- ^ 
Cai, Z. ; Shi, Z.; Ma, F. ; and O'Shea, G. M., 
"Microencapsulated Hepatocytcs: An in vitro and in 
vivo Study," Bionat. , at-i-. cells. Art:> Org.. 15, 
483-496 (1987); Sun, A. M. ; O'Shea, Gi M.; and Goosen, 
M. F. A. , •*Inj«:table Microencapsulated Islet Cells as 
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a Bioeur^lficial Pancreas,** fpplled Biochem istry ar^^ 
p^^i-^elMloloov, 10, 87-99 ^1984); Ida, F. , 
"'Microencapsulation of Living Cells and Tissues,* 
^pp■^j^e<l Biochemi stry and B iotzechnoloav. 10, 81-85 
(1984)) * When suspensions ot cells havQ been 
injectecS, only small numbers survived. Xn addition, 
the ceX3.s that did survive had inadequate three 
dimensional structure and no way to from an 
appropriate structure. Soaie researchers have 
encapsuXated cells, and this procedure provides 
excellent protection from the host^s iiomune system. 
Often txmes, however, the barrier is too large and 
does not; allov for sufficient exchange between the 
vascular supply and the cells. Moreover, the body 
sonetives forms a fibrous capsule around the ia^lant 
which creates an additional barx^ier to tbe flow of 
nutrient^s. These approaches liave had varying levels 
of success, but none has yet produced a viable 
clinical solution to the. need for organs for 
transplantation. ' 

Clinical success in the area of cell 
transplantation depends on efficiently using the 
available donor material and providing an environment 
conducive to long-ten cell survival, differentiation 
and growth. One promising approach is to attach 
isolated cells and cell clusters onto synthetic 
biodegradable polymer scaffolds in vitro and then to 
implant the polymer-cell scaffold into recipients 
thereby replacing whole organ function with this 
device (Vacanti, J*. P. "Beyond Transplantation, Third 
Annual Sanuel Jason Mixter Lecture," Archives of 
gu^gery, 123, 545-549 (1988)). With this approach, 
several iioplants could be obtained from each donor 
organ or cell material obtained from livxng donors. 
This could also help eliminate the need for 
immunosuppressive therapy, which is often required 
following organ transplantation* 
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a7i»e Jcey to the success of this «ell 
^j^^j^lantation technique is in the design of the 
syntto^tic polyner scaffold (CiBa, 1.. , ingber, D. , 
vacant^i* J., and Langer, R. H^tocyt. coltmr. on 
Biode^"***^ PolyMTic substrates, Pifftfttfl. 9 i 9Wt '> 
38 14S-158,.1991; ciM, L. , Vacanti, J., vacantia C, 
IngJ»eir , D. , Mooney, D., and Irfu»ger, R. , PolyMr 
Matrices for Cell Transplantation and Organ 
Regen^a^^ion* ,-r, j.^^^. ma. . 113, 143-151, 199X) . 
This s«a«old has several functions. First It ■oast 
previa* for active polywr/cell interactions for most 
naanalian cells »ust adhere to a surface in order- to 
g^iv«. It is also essential that ttois adhesion 
^jjjjjur in such a manner that tl»e cells continue to 
function nor»ally. If the ceXls survive, but do not 
function normally, transplanting the. into a patient ^ 
is futi-le. Next, the polymer scaffold mist have 
suitable surface chemistry to guide and reorganire the 
cell finally' dimensional rtructor-a 

must »>e designed to deUver a significant nuaber off 
cells while alloving for the proper diffusion of 
nutrients* 

several criteria can be used to define the ideal 
substrate. Biocompatibility is essential in order- to 
prevent acute adverse tissue responses that could 
impair «»e function of the transplanted cells. 
Biodegradability is desired to provide a coapleteXy 
natural tissue replacement without the possibility of 
chronic tissue reaction to tbe foreign body. The 
mechanical properties must allow for easy and 
reproducible processing into a variety of shapes, end 
the resulting devices must eaintain their shape onoe 
iwplanted. Finally, the surface chemistry must be 
easily iwmipulated so that it can be optimised to «»eet 
tbe needs of eacdi application. 

one possible family of matrices that is 
conanercially available consists of the purified 
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extraoel.lular matrix components, such as fibronectin, 
laninln, and collagen. Althou^li these malices 
provide great bibconpatibility and cell adliesion, tteey 
do not bave sufficient mechanical properliies to bulled 
a 8tal>Xe three dimensional stmicttire independent of 
the cells. It is also difficul't to obtain hi^ 
quality matrix material on a consistent Jtmsis since it 
must be harvested from natural sources* 

Another possible matrix material that:^ is producred 
commercially is surgical sutur^e material. This is 
made from polyglycolic acid, poly lactic acid and 
copplyners of glycolic and lacbic acid. Tlie 
biocompatibility and biodegradability of tiliese 
polymers are veil characterized, and the physical 
strength and fiber forming properties are good 
(Gilding, D. K. and Reed, A. M« , "Biodegradable 
Polymers for Use in Surgery - Polyglycolic / 
Poly(lac:tic acid) Homo- and copolymers: 1, PolvB^r — . 
20, 1459-1464 (1979); 

U. S. Patent No. 4,048,256 to Casey, D. J. and 
Epstein, M., *'Normally->solid, Bioabsorbable, 
Hydrolyzable, Polymeric Reaction Product,"* (1977); 
Craig, P. H.; Williams, J. A.; Davis, X. W» ; Magoun,. 
A. D. ; Levy, A. J. ; Bogdans)cy, S.; and Jones, J. p. 
Jr., "A biologic Comparison of Polyglactin 910 and 
Polyglycolic Acid Synthetic Absorbable Sut:ures," 
surgery . 141, 1-10 (1975); Frazza, B. J. and Scibnitt, 
E. "A New Absorbable Suture, « J. Biomed. Mater, 

pes- Rynposiuw. 1, 43-58 (197X) ) • Also, since these 
polyiners are used as suttire ma'teLxial , they liave 
already been approved for impXantiation. 
Unfortunately, the surface of 'tliiese inateriaXs cannot 
be easily manipulated to provide optiaal surface 
chemistry that could meet the needs of cells for each 
application. 

A polymer is needed that lias the beneficial 
qualities of polylactic acid bii't also provides for an 
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easily Jnanipulated ssurface chranistry* 

I-t is therefore an object of the present 
invention to provide a biodegr-adable, biocoiipatibi* 
polymex modified to Increase cell adhesion.. 

X-t is a further object olf the i^esent invention 
to provide siJcK a polymer that has the physical anA 
aechanical properties that allow the polyror to be 
processed into a aatrix suitable for seeding with 
cells and implantation into a patient using standaard 
surgical tedmiqaes. 

Suuiiary of the invention 
polymers have been designed lAich degrada in Wvo 
to non-toxic residues that have biologically teti^m- 
moieties such as amino acids bound to the polyMTr 
either directly or via short side chains. In the 
preferr-ed embodiments, the biologically active 
moieties are coupled to the polymers via free ^ 
carboxylic acids, amino groiqps, sulfide groins, or 
hydroxyl groups on the amino acids. Vb* resulting 
polymers have good mechanical and biological 
prqoerties. 

in the preferred embodiment, monojoers contain±xig 
amino acids with reactive side cdiains, sue* as lysine, 
have laeen synthesized irtiicdi aire copolynerized witto tbc 
lactic acid containing aondnsr, lactida, tha glycoXAc 
acid containing monomer, glycolide, or any other 
monomers with similar mechanisms of polymerization - 
The reactive sites on the amino acids are protectea .. 
with standard protecting groups, cc^lyaerized 
tbe lactide, the resulting cc^lymers are of the f«r» 
poly (lactic acid-eo-anino acid) with the anino ?cJ.<l 
being incorporated into the backbone via .an -anide 
bond. If the percentage of tbe amino acid suhunit ±b 
low, in the range of 1-10* , tbe necdianical properties 
will not be disrupted. However, higher percentage* 
may be desirable for certain applications,, even though 
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thB m^<^^^osLl properties aay not be quite as good. 
The zresctive side chains of tbe anino acids are nade 
avaiiaJ^le by .resoving the prot^ecting group using 
standasrd deprotection netliods. Tbese reactive side 
chains az'e now available for modification by any of 
the nozn&al methods used in coupling chemistry, in t:he 
most prefeinred embodiment, attachment peptides are 
bound the amino acids where they serve to enhance 
binding of cells to the . polymer- • 

Brief Description of the Drairipgs 

Fx9ure 1 is a schematic of the reaction of an a*- 
hydroxy acid with a protected a-amino acid to yield 
the cyc:l.ilized jbydrdxyl acid->.co-amino acid. 

Fl^uires 2A-D is a schematic of the formation of . 
3-{butyi-4-ben2yloxycarbonyl amino)-6-l>ensyl-2,5- 
morpboXxnedione, where an ester bond is formed first 
and tben the product cyclized tbrough amide bond 
formation, as shown in the prior art » 

Figure 3 is a schematic of the cycllzlng of the 
a-hydroxy add with an a-amino acid to maXe alkyl 
substituted 2,5-iDorpholinediones, where an a-broao 
acyl bromide Is utilized as tlie a-hydroxy acid 
equivalent, as shown In the prior art. 

Figure 4 is a schematic of a ring opening 
polymerization for lactic acid, as shown In the prioc 
curt- 
Figure 5 is a schematic of a desired monomer 
structiure , 3- (Butyl-4-benzyloxycarbonyl amino) -6- 
metliyl-2,5-morpholinedione, a lysine containing 
monomer. 

Detailed Description of the Invention 
Methods for synthesis of polymers having 
advantageous properties for implantation and cell 
culture are described^ Tbe. polymers are characterizeci 
by blocompatlbility, degradablllty into non*-tozic 
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prodo*=ts noraally present in *hB body, preferably toy 
hydrolysis, and the presence of accttsslble 
biologically active noieties lExmnd to tl»e polypes Jay 
aaiino acids polyMri«ed witl»i» the polypar «r 
<ihe»i«*lly coupled to the i>oly«er. 

Xn the preferred anbodiments, the polyaers aire 
f or»e<a ^ poly»erization of « amino acids vith a 
hydroxy acids. The biologically active aoieties ar« 
then «50upled to the aaino acids via free carboxyllc 
,cids^ a»in«> groups, sulfide groups, or hydroxyl 
groups on the aaino acids. 

synthesis of the Maino acid containing Honomer 
TUe general concept for producing the nonoBex: in . 
Figure l, referred to hwein as the aaino acid 
■onager, is to cyclise an a-hydroxy acid with an 
a-asino acid to yield a * 
3 6_disubstituted-2,5-Borpbolinedione. 

THe a anino acids are generally of the fomuXa: 
R, R'-COTtCO-OH, idiereln R and R» are 
independently H or a linear or branched alJcyl. 
Examples of e l^drcHcy acids include lactic acid and 
glycolic acid. 

Tlte a amino acids are preferably of the ftonuXa: 
R", R"'-cira,-C0-OH, wberein R»* and R".' axe 
independently H or a lineabr or branched al^l; any 
proteptee" primary or secondary amino group; any 
protected ester; any protected hydroxyl; any protected 
sulfide; any protected amide; any protected guanidino; 
or any protected iiaidazole. All 20 of the conwai 
amino acids can be used. Ttoe most preferred aaino 
acids are protected lysine and protected aspartio 
acid. 

This transformation involves producing an amide 
bond and an ester bond. All synthetic routes are 
variations of two aain themes s 1) fomation of tl&* 
mmtev bond and then c^lization via aiaide bond 
formation or 2) formation of the amide bond and then 
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cyclias^^tlon via ester bond fonnatiion. 

^^veral standard reactions are used to fon amide 
bonds*' In general, these reactions consist of 
activating the carboacylic acids tx> facilitate 
nucleophilic attaclc. Table X shows a broad saaple of 
activated carboxylic acids (Bodanszky, 1988). Each of 
these laas its own advantages, such as side reactions, 
and disadvantages, such as mild reaction conditions or 
water solubility. 
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Table I 
Acdvaied Carboxylic Acids 



C— CI Acid Chloride r 

I 

O N 
ii II 

O /TV R— c— O-C OAcyl-Isoiirea 

" . S^fe^ Acid Azide ' „ 



B_S_0-C— R Anhydride b-C-n;^ 



I 



N-At^llntemiediaie 




c 



I— C— o-N^ J N-Hydroxysuccinimde Ester 



C 
// 
0 




CI p«htachloropbenyl Esters 
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ESter bond formation is more difficult in general 
and re^xuires nore sophisticated methods • Not only is 
the c;Mr'lx>xylic acid activated but catalysts suc^ as 
4-diBet::3iylaminopyridine are also used. It is 
i9iporb»3it to note that during the formation of the 
first l>ond, eithier the ester or amide, the other 
reactive species must be protected. Table II 
(BodanesJcy, 1988) provides a list of the more common 
protect^3.ng groups, which, can also be referred to as 
blocklncf groups, along with the deprotecting 
conditions. 
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Table II 
Blocking Groups 



pghlc^cking rnnditions 



(CH3^C- 



O 
II 

o-c- 



MOd Acid 



CH2-0-C — 



Strong Acid: ^/Pd 




MUd Base 



("fl i-hoxvlic A cid Picking Gtqvv 



RO- 



Mild Acid: MUd Base; 
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revnTo methods are applicable to the synthesis of 
the an^^o acid monomer. The first method, describing - 
the fo^^ation of 3-(butyl-4-benzyloxycarbonyl 
amino) ^ — ^6-benzyl-2,5-iaorpholinedione, is by YasutaJce, 
A.; MJ-y^28Jci, K. ; Aoyagi, H. ; Kato, T* ; and Izimiya, 
K., wcy^^lic Peptides: VIII. Synthesis and Tryptic 
HydroXy^^is Cyclic Depsidipeptides Containing a 
I^ysine 3lesidue,» J^r Pept^dg Prfftgjn R^Prr X€, 
61-65 (^980) • An ester bond is formed first and then 
the pr'ociuct cyclized through amide bond formation. 
The syn*hetic pathway used is shorn in Figure 2 • In' 
this &ynthBsxB, one carboxyl is protected as an acyl 
hydrazi-^^ which is a "masked" form of the activated 
acyl ass-i<^^*^ Fixst, the ester tend is formed between 
the 2— l>y^^o^""3"Phenylprqpanoic acid hydroxyl group 
and tlie lysine carboxylic acid using N-hydroxy ^ 
succinli>^^c^& ester activation. The lysine a-amlne 
group then deprotected. Next, the lactic acid 
hydrazi^^ converted to the acyl azide. Finally, 
the cycS-izai^ion is con^leted through amide bond . 
formation** 

A second approach to cyclizing the a-hydroxy acid 
with tiie a-amino acid is shown in Figure 3. This 
pathway used to make alkyl substituted 
2 , 5*morp^olinediones (Samyn, C. and Van Beylen, h., 
"Polydepsipeptldes: Ring'-Opening Polymerization of . 
3 -Methy 1—2 , 5-Morpholinedibne , 

3 , 6-Dimethyl-2 , 5-Morpholinedione and Copolymerization 
thereof with D,Ir-Lactide,"* Makromol. Chem,. Macrom^],, 
Svmp. . 19, 225-234 (1988); Helder, J.; Kohn, F. E.; 
Sato, S.r van den Berg, J. W. ; and Feijen, J., 
"Synthesis of Poly 

[Oxyehyli*^®'^®carbonylimino-(2-Oxoethylene) ] 
(Poly (Giycine-D,L-Lactic Acid) ] l>y Ring Opening 
Polymerisation," Makromol, chem,. Ranid Commun,, 
9-14 (1985); Greenstein, J. P. and Winitz, M., 
ChBmlstry of the .Amino Acids, Vol. 2, p 887-901, John 
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Wiley and > TlorX, 1961). An a-te:<»o 

acyl l^aroaide is utilized as the a-hydrcay acid 
equiv»3.ent. Urn aside bond i« fonawl by ttoa general 
aethoa discussed above. B»e <^ll«ation through tHe 
ester *>ona f ormition takes place toy an StUj displacement 
of the bromine with the sodiu. salt of the carboatyllc 
acid. This reaction exchan9es the roles of the two 
center-e. The carboxylic acid group acts as the 
nucleophile, while the a-bromo group provides the 
eleetrophiiic center. 
poliraerisatioB 

The nonoinrars are polymerized using a tecdutique 
such as selt condensation, as exe«plif ied using 
polygiycolic acid and polylactic acid. 

Bi.storif»lly, polygiycolic acid was first 
produced by condensation polymerisation of hydroxy 
acetic acid (Higgins, 1954 and Msk., 1952). However-, 
there nxe many problems associated with condensation 
polymer-Azations, including long reaction times. to 
obtain even moderate molecular weight products, side 
reactions which create the necessity for by-product 
removal , and a laOc of end group control (Brode, C. 1. 
and KolesJce, J. V., -Lactone Polymerisation and 
Polymer Properties,* J- Maeromol. Scl.-Cheit t 
1109-11*4 (1972)), for example, id>an disMrisation to 
form giycolide coB5)etes with chain extension: 

in 1954 l^e (B.Lowe, C. E., "Preparation of High 
Molecular Weight Polyhydroayacetic Ester,* U. 8. 
Patent, 2,668,162 (1954). 

Mooney, Hansen, L., Vacanti, J., linger, B., 

Parmer, S, and Ingber, D. , Switching between growtli 
and differential in hepatocytes: Control by 
extracellular ^^m^^ ^T, r^n Biol.. 
submitted)modified the reaction conditions of the 
polycondensation to obtain high yields of glycolido. 
mis product was then purified and found to polyaer±«e 
by a ring-opening mechanisn to very high molecular 
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veigli1:.s using antimony trioxidles or antimony 
trihaXxdes. An example, of this ring opening 
polyaex^ization is given in Figure 4 for Xactic acid* 
Catalyst: that have been used Include: 'tributlytin 
methoxxde, dibutyltin dimethoxxde, dibutyltin 
diaceta'te, debutyltin oxide, d±t>utyltin dichloride, 
tin dioxide, tin dibromide, tin dichloride, tin 
tetrabx-onide, tin tetrachloride, tetraphenyl tin, lead 
oxide, zinc oxide, zinc, antimony trioxlde, triethyl 
aluminixm, aluminum bromide, triisobutyl aluminum, 
triisopx^ppyl aluminum, magnesium acetate, magnesium 
stearat^e, magnesium 2,4-pentanedionate, magnesium 
ethoxide, magnesium oxide, and stannous octoate, vittm 
stannous octoate being the prei^erred catalyst 
(Gilding, D. X. ; Reed, A. M.; and Aslcill, N., 
^^Calibration in Gel Permeation Chroma togzraphy: 
Primary, Universal and EmpiricaX Methods,** Polvney r 
22, 505-512 (1981). 

; U. s. Patent, 3,839,297. to Wasserman, and 
Versfeit, C. C, **UBe of Stannous Octoate Catalyst iim 
the Manufacture of I*(-)Lactide-Clycolide Copolymer 
sutures," (1974); Prazsa, 1971; Higgins, A., 
"^Condensation Polymers of Hydroxyacetic Acid," U. S. 
Patent, 2,676,945 (1954); Xohn, F. E.; Qninen, J. G. 
van; and Feijen, J., "The Mechanism of the 
Ring-opening Polymerization of Z^actide and Glycolide, "* 
Eur, Polvra. 19, 1081-1088 (1983); Kohn, F; E.; VaXi 

Den Berg, J- W. A.; and Van De Ridder, G. , ••The 
Ring-Opening Polymerization of I>,Ir-Lactide in the Mel^ 
Initiated with Tetraphenyltin, ^ Joumai of Appiiei^ 
Polvmey science. 29, 4265-4277 X^BZA)} Donald^ R. C; 
Tice, T. R*; Gilley, R* N.; and English, jr. P., "[S] 
Poly (lactide-co-glycolide) Micr^ocapsules for 
Controlled Release of Steroids," Methods In 
Engvmciioqv, XX2, 101-116 (1985); Dunsing, R and 
Kricheldorf, H. R., "Poly lactones : 5. Polynerization 
of I«,Ij-Lactide by Means of Magnesium Salts," Polvnei^ 
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B^Sgtiiu l«» 491-495 (1985) T S^van, S. P. and Bamr, 
J J., -Quantitation Of Poly (d,l-Lactic Acid) 
Degradation Products by HPIC, " Polmr PrgPT i ntS r 
299-300 (1988); Kricheldorf, H. R.; Jonte, J. M.; 
fieri, -Polylactones: 3. CopolyMri*nt:lon of 

GlycoXide with L,I^I«ctide ana other Lactones,- 

^i^Xdorf, H. R. and Su^bel, M., -Polylactones - 18. 
PolYi-eirization of l.,L-Lactide with sn(II) and Sn(rV) 
Haloge«ides,- T^ir PolYl. ' "5-59X (1989). 
The ..echanis. of the ring-ppenlng polymerization o« 
glycoside and lactide with stannous octoate is stiXl 
^der debate, but a nonionic insertion nechanis. Ixas 
gained the most acceptance (Kohn, 1984; I^enslag, J- 
W and Pennings, A. J., "Synthesis of High Molecmaur 
weight Poly(L-Lactide) Initial with Tin 
2-EttoylJ»exanoate," TT'TTT'ml - 1«09-1814 
(1987); Kridheldorf, 1989). 

copolynerization with 2,S-Mbrpholiaedio««. 
Recently, there has been an atte^ to 
incorporate amino acid units into the baidebone of 
polylactic acid in order to expand the range of 
properties available from this bloabsorbable i>aterl.al 
(Veld, I*. J- in 't; DijKstara, P. 3.7 l->che., J. H. 
van; and Feijen, J. , -Synthesis of Alternating 
poiydepsipeptides by Ring-Qpening Polymerization o« 
Morpboline-2,5-Dione Derivatives,- MalSEoiasl^-Qja-.-^ 
1»X, 1813-1825 (1990); Sanyn "88; Helder, J. and 
Peijen, 3., "Copolyaer of D,I^I-actic Acid and 
Glycine,- M:.v^o»m . chem Fapj^l Cpi-gnun. , 7, 193-X98 
(1986); Vonezawa, M.; Toda, F-; and Haeegawa, M., 
-synthesis of Polydepsipeptides: Ring-opening 
Poly^arization U g-isopropy i»orphiline-2 , 5-dione aand 
6-Isopropyl-4-Methyli!iorpholi»e-2,5-dlone, - Malcroao J, , 
Qj^g^^_,^BSEi±SSmm^, 607-611 (1985)). The 
accepted way to insfert the a-a»ino acids into the 
backbone is to di«erize them with an a-liydrojcy acta. 
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such lactic acid. This step creates a substitutied 

norphoXinedione which can be used in stiJbsequent 
copolynerizations. Only anino acids with alkyl 
substii^vents have been copolynerized in this nanner*. 

Tlie substituted norpholinedione contains both an 
anide ^ond and an ester bond in the ring. Both of 
these functional groups could polymerize by a ring 
opening nechanisn using severaX different types of 
initiat^ors such as cationic, active hydirogen, anionic, 
and coox*dination (Ivin, J. X. and Saegusa, T.> eds. , 
Ring opening Polymerization^ Volumes 1^3^ Elseveir 
Applied Science Publishers, New York, X984). Hoirevex, 
e-neniber* ring lactams do not polymerize under cationic 
or active hydrogen initiator conditions (Ivin, 1984) • 
If these conditions are used, tlie morphoXinedione 
should polymerize through the ester bond. 

It is e3cpected that this ester bond will have a 
reactivity very similar to the Jreactivity of the estier 
bonds in lactide, due to the fact that tlie amide 
structure with its partial double bond cliaz-actar viXX 
increase the ring strain. Copolymerizatlons with 
lactide and methyl substituted laorpholinediones at 
monomer ratios of 1:1 yielded polymers with a stole • 
ratio of monomer units of 1:1 within experimental 
error (Samyn 1988; Helder, 1986; Ybnezava, 19Q5). 
This result suggests that the two ester bonds have 
similar reactivities. 

Deprotection of amino grotqps 
The removal of the amino protecting groups is 
essential* If this step is not completed, there vilX 
be no reactive groups available for the attachment o€ 
the biologically active moieties. 

The benzoxycarbonyl amino protecting group is 
common in peptide synthesis, and can be cleaved by tbe 
selective method of solid phase catalytic reduction. 
This reaction is quite mild and should hot barm the 
ester bonds in the backbone of tlie polymer. However, 
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Mny other protecting groups and deprotecting 
ccaiditions are available, as indicated in Table I 
(Greene, T. W., Protective Groups in Organic 
syxtthe&is, 239-24X,Jolm Wiley and Sons, Inc., Hew 

York, <1981)). 

A» alternative route to tHe deprotection is to 
deprotect only the surface of a polymer device that 
had been processed before any deprotection reactions. 
This method of deprotection could be conpleted witto 
»ildly aixaline reagents that would hydrolyze the 
bonds at the surface. Of cou«e, both the ester bonds 
in the backbone of the polymer as well as the bonds of 
the protecting groups would be hydrolyzed. Ihis 
surface degradation should not affect the desired 
mechanical properties. Howevr, the protecting group, 
in the bulk of the sax^le would be unaf f act«l. 

polynar Srecessiag . 

The polyaer can be cast Into a variety of shapes 
by standard processing techniques, sucsb as solvMit 
casting and co»pression nolding. Solvent casting i* 
used to obtain thin fitas. Variables that should !»• 
considered in order to optimise this processing 
technique are choice of solvent, concentration of 
starting solution, solvent evaporation «|te, casting 
surface, and nolecular weight o£ the polyiwr. 
compression molding is used to form small discs hy 
compressing finely ground polymer powder. Variables 
that are important for compression molding include 
polymer contact surface, pressure, temperature, 
cooling rate if appropriate, Polymer powder size, and 
molecular weight of the polymer. 

«»e polymer contact surface can greatly influence 
the co»«>osition of the surface of the polymer film or 
disc. During solvent casting the polymer interfaces 
with air, whereas, during coa«*ression molding, the 
interface will probably be eitHer ?«tal/polymer or 
teflon/polymer if a teflon release tape is used. . 
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. There ^ concern that very hydrophobic interfaces 
nay cau^e the hydrophilic amino groups to become 
inaccessible. The choice of soXvent in solvent 
casting nay also affect the accessibility of the amxno 
groups » 

Moxre sophisticated processing techniques such as 
injection molding, fiber extrusion, fiber veaving, may 
he esscKimtiial to obtain optimal cell function, 
especiaXly in . the case of hepatocytes. These methods 
are Icnown to those skilled in tbe art. 

AdHesion Moiety :&ttachment 

Adl^esipn of cells to the sux-f ace of the polymeir 
is enhanced by coupling of biologically active 
moieties # such as GRGOY and YIGSK (standard one letl^er 
abbrevia't:ions for amino acids are. used herein, as 
listed in 37 C.F.R. ) , to the reactive side chains of 
the polyxaer such as amino groups or carbos^lic acids* 

suxfaee Activation 

Xn l^e event that the reactive side chains may 
not be epcessible to the surface of the polymer 
device, several methods can be used to increase the 
surface r^eactive group accessibility. First, the 
siirf ace oan be exposed to an aqueous solution 

- containing miscible hydrophilic or polar* solvents su^i 
as ethanoX or acetone. Su^ exposure should increase 
the flexil:>iXity of the polymer badcbone'by lowering 
This increased flexibility will allow the reactive 
groups to move to the surface vh±le the hydrophilic 
nature of the aqueous solution vXll provide the . 
driving force. 

Anotlser way to increase the flexibility of the 
polymer hackbone at the surface is to expo&B the 

polymer device to solvent vapors after pr^ocessing. 

Polar solvents should provide a greater driving force 

for the reactive groups to move t:o the surface. 
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jw-ttaetament cbeBistry 

X* is iii5)ortant for optical cellular function to 
be abl * to aanipulate the surface cl»eid.stry of tkxm 
polymex device. An important exaaqple of thie Is «ie 
attach-ent of an RGD peptide which has been stoim 1:6 
promofc* cell adhesion. «»e attachiwnt of this 
adhesion moiety to the reactive side chain, such as 
free a»ino groups on the polymer surface can be 
achieved toy either of two metliods. 

l^e first aethod involves activating the 
C-teriai«us carboxylic acid of the peptLA^. and then 
reaci:ln9 this group with the aaino groups on the 
polymear surface. The c-terminus carboxylic acid esan 
be activated by several aethods as indicated in Table 
I. A preferred reagent is 

i-ethy3.-3-(3-di«ethyl«iinc)propyl-carbodii»ide (EDC> s 
which produces an o-acyl-isourea. This activated 
species will react readily with free aaino groups 
(Yaaada, H.; Imoto, T.; Fujita, K.; Olcasaki, K.; and 
Motomura, M.; -selective Modification ot Aspartic 
Add-lOl in Lysozyae toy cairbodilaide Reaction,- 
Bie^jSjaistnC, 20, 4836-48« (1981); Hoare, D. G. and 
Koshland, D. E. Jr., "A Method for the Quantitative 
Modification and Estimation of Carboxylic Acid Groups 
in Proteins," t^q .lonrng l ^^^^ Biological Cheaistrv: , 
S42 , 24 47-2453 (1967); Sheehan, J. C; Preston, J.J 
Cruicdcshank, P. A., -A Rapid Synthesis of Oligopeptide 
Derivatives without Isolation of Intemediates," 
jypVr T^ ' ^"'^ of the Am ^rl^a" ChpmiCi^l S0CietY> 87, 
2492-2493 (1965)). However, biologically active 
■oieties such as the B6DS peptide contain tw) 
carboxylic acid groups, one at the c-ter»inas and ttoe 
other on the aspartic acid residue. If the c-tenainus 
carboxylic acid is to be used to chemically attach the 
peptide to the polymer surface then the aspartic acid 
residue must be protected. A completely protected 
RCDS peptide can be synthesized toy those skilled in. 
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ax^- After attachment the peptide side dhains d:± 
the p&p^^^^ would have to be deprotected • 

alternative approach is to link tOie peptide /to 
the ppXymer surface through a bifunctionaX jnolecale 
which i-^ reactive towards amines at both ends. An 
exanpXe of such' a bifunctional molecule is 
bis(suXf osuccinimidyl) suberate which has an 
N-hydr-oxysuccinijnide ester at both ends (D'Souza, S. 
E.; Gix^sbcrg, M. H.; Lam, S. C.-T*; and PXow, E. 
"Chemioal Cross-Linking of Arginyl-GlycyX-Aspartic 
Acid peptides to an Adhesion Keceptor on PXatelets/ 
The JQyi r-"*'^ BioloQlcal Chemistrv. 263, 3943-3951 
(1988) ; Staros, J. V., "N-Hydroxysulfosuccinimide 
Active Bsters: * Bis (N-hydroxysulf osuccinimide) Esters 
of Two Dicarboxylic Acids are Hydrophilic, 
Mejttbrane-Impenneant, Protein Cross-LinJcers , " 
B^ocheg^s^^gy - 3950-3955 (X982)). AnotJier coiniionX.y 
used bif™«5tional linking reagent which reacts with 
amino groups is glutaraldehyde (Weston, P» D* and 
Avrameas^ S., ••Proteirts Coupl^ to Polyacxrylanide 
Beads Using Glutaraldehyde," piochealcal and 
piophvg j^ca^ Research Comnuni nations, 45, XS74-1580 
(1971); arayanan, S. R.; KakodJcar, S. V.; and Crane, 

J., ••'Glutaraldehyde-P', a Stable, Reacrtive 
Aldehyde Matrix for Affinity Clrromatograpliy ^ «. 
; nnalvti^^^ Biochemistry. X8B, 278-284 (1990) ) . Otoe 
first st,Bp in this approach is react the polyaer 
surface amino groups with one end of the l>±f unctional 
molecule* Hext, the peptide x& attached to the pther 
end of th® molecule through tlie N-tcrminus amine* It 
is not necessary to synthesize a protected peptide as 
previously mentioned, for there is only one amino 
group in the peptide in this exaii5>le. 
jbqJX AttachnieBt 

since this is a biodegradable polymer, surface 
modification may be insufficient. The surface layer 
could degrade away before perf oirming its function. 
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Conse<3uently, bulk attachment: strategies have alcto 
been considered. This approach also utilizes a 
bif u»«5tional nolecule which x« reactive towards amines 
at bo'C^ii ends sach as carbonyX diinddasole. This 
bifunc^ional molecule, the polyiier, and the peptide 
can be dissolved together in a cosnon solvent. Scnae 
side xreactions may oocur# include linking of 
polym^r-polyner and peptide-peptide^ but these shcmld 
not ir^terfere excessively wltli the linking reaction of 
t:he polymer-peptide. 

feeding of Matrix with Cells 

cells such as hepatocytes, pancreatic cells, 
intest:i.nal cells, uroendothellal cells, skin cells, 
nuscle cells, nerve cells, and bone cells i^ch are 
dissociated and viable and in a suspension are appXied 
to a jnatrix formed of the polyaier. Cells are |H:ov±Gled 
witb sufficient tine to at^cb to the ix>ly»er, then 
the maniac is implanted using standard svirgical 

techni9^s* 

Tlie- teachings of the cite4 publications are 
indicative of the level of skill and the general 
knowledge of those skilled in the art. To the extent 
necessary, the publications are specifically 
incorporated herein by reference. 

tne present invention will be further understood 
by reference to the following non-liniting exas^leis* 
Bxampie l: Preparation at 

3* (butyl'*4-benzyloxycarbonyl 
amino) -6*setliyl'-'2 # S-morpholinedioae m 

ih±3 BxaxaplB illustrates the preparation of 
3- (butyl-4""J:>^2yloxycarbonyl 

ainino)-€-ne'thyl-2,5-morpholinedione, a monomer 
containing lactic acid and lysine where the side clxain 
amino group of lysine is protected vitb a 
benzyloacycarbonyl group, as ebown in Figure 5. in tbe 
final monomer product, both tbe lactic acid and lysdLne 
are in tbe I# configuration. 
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Keigliesid out: 

30.0 g of D-aianine (0.56 M, HI9^89.09) 
X04.3 g of KaNOb^ (1«51 M, 10^69. 0) 
TOO g of Na^04 (4.93 MW=142.0) 
carefully add 580 ml of 48% HBr (5.19 M, 
to 243 0 nl of ice water. Stir with an overhead niixer. 
The t:.exnperature is «*10 *C. Add the D-alanine and let 
it dissolve. Slowly add the HaNC^to the D-alanine 
nixtux-e over about 20 minutes. Next, slowly add the 
Na2S04 "t^o the mixture over about 20 minutes. Continue 
to add ice to keep the mixture at -10 *C during the 
additions. After everything is added, continue to 
stir until the mixture reaches room temperature, about 
1.5 lioiurs. Decant the liquid from the remaining 
Bolide* Extract the water with ethyl ether. Dry tlie 
ethyl ether with Na2S04 and then CaCl,. Filter the 
ethyl ether and then remove the ethyl ether under 
vacuum* Repeat procedure. up to this point. Mix the^ 
two jM'tches. Vacuum distill using water aspirator. • 
Collect fraction from 103-106f *'C. The product is 
D-2-)DroiBo propionic acid and the yield is 60% , whidh 
is 103. © g (0.68 M). 

Add 70 ml (114.5 g, 0.96 H) of SOCl, to the 103.9 
g of D-Z-bromo propionic acid. Heat to 60 •Q tor 7.5 
hours. Collect product by vacuum distillation using a 
water aspirator. Collect fraction from 45-56 •c. Tlie 
product is D--2-bromo propionyl chloride and the yieXd 
is 74% which is 86.3 g (0.50 N) . XR spectroscopy 
shows tlie typical acyl chloride peak at 1775 cm* and 
the HMR spectroscoi^ shows a quekrtet centered around 
4.65 ppn and a doublet at 1.9 ppra. 

Dilute 27.6 g (0.16 M) of the D-2-bromo propionyl 
chloride with 200-400 ml of chloroform. Prepare a 
slurry of N-e-benzyloxycarbonyl— I*-lysine (96.6 g, 0.34 
M) in 20O0 ml dry chloroform. Add the D-2-braao 
propionyl chloride 'solution to t:he slurry all at once. 
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I^t xresct at roon temperature for 24 hours. Xbe 
insoiulale H-e-benzyloxycarbonyl-lr-ly»lae will react 
with tl=»e D-2-hromo propioiqrl <*loride and f on b 
soluble product and an insoluble Uapurity. Mext, 
remove the solid impurity by filtration, and then 
remove all but 600 nl of the chlorofw:* under vacuum. 
This reaction forms the amide bond between the lyelne 
a-aiaino group and the lactic acid activated carboJtylic 
acid. 

Next, 24.2 Bl {18.0 g, 0.14 M) of diisopropyl 
ethyl is diluted in 50 nl of chloroform and tJien 

added t.o the chloroform mixture from the last step. 
Ttois reaction mixture is then diluted with cihloroform 
to a total of 900 mi. The reaction is heated to 
reflux and left to react at this temperature for 24 
hours. This reaction forms a ring structure througH 
the ester bond between the activated a-bydroxyl of 
lactic acid and thie carboxyllc acid of the lysine. 
Inversion occurs at the lactic acid center. Vpaa 
completion of the reaction, the chloroform is removed 
under vacuum. A waxy solid forms. This crude 
reaction product is purified by silica gel colian 
chromatography. The eluent is 93/5/2 
chlorof onn/methanol/acetic acid. The eluent is 
removed under vacuum with heating to 60 A viscous 

oil forms. The product is tarystallized by washing the 
viscous oil with petroleum etb«r. A yellowish/white 
powder forms. This powder is recrystallixed from 
ethyl acetate irtiitdi produces a clean ndiite powder. 
The yield is for these last two steps combined is ?!% 
which i» 16-6 9' 0-05 M. Melting point 135-136 'C. 
High resolution mass spectroscopy confirmed elenental 
analysis; expected 334.15287 amu, experimental 
334.1527 smX' «»e IR and HMR were also consistent. 
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EzaaqpXe 2s. Copolymer izat ion of the nonoaor 

produced in Example 1 vi.^b lactide t^o 
sake poly (lacl^±e 

aeid-eo-N-e-bensyloxyoarbonyl lysine >• 
Tliis is an example of the copolymerlzation of -^he 
monoinesr produced in Example 1 with laebide to make 
poly (lactic acid-co-Nre-benzyloxycarbonyl lysine)* 

Fxrst the polymerization j^lask mus^^be 
siliconized to rid the glass surface ot all hydroxy^X 
groups* Throughout the polymez'ization procedure, a 3.1 
the glassware is dried in a 13 O *C oven overnight aand 
cooled under vacuum. All parbs of the experiment 
reguirin? that the monomers be exposed to the 
atmosphere were done in a ^^x* 

nie day before the polymez'ization, aac^ of the 
monomers must be recrystallizedt fron ethyl acetate l.xi' 
the box. These crystals are then dried under vacuum 
overnight. The monomers are tlien weighed out into t=Jie 
polymerization flasX, 10.9 g lactide (75.3 xiM) and 
2.77 g protected lysine monomer* (8.27 BM) • The 
catalyst solution, 1.06 g of stiannoos oct:oate. in 10 anl 
of chloroform, 0.262 /imol/iil, 1b prepared and 305^1 
of the catalyst solution added into the polymerizaitlon 
flask.' The chloroform is removed under vacuum. The 
flask is flushed several times with argon. The flasJc 
was sealed under vacuum and transferred to 100 *c ov^n 
for 24 hours, removed from the oven and tilie reaction 
quenched in the freezer. Molecular weight: before 
purification: Mn«72,700, Hw=72 , 200, Mz>=88,700. The 
polymer was purified by dissolving in chlor^of ora and 
precipitating into methanol. The yield is 80.51 vhic!h 
is 10.96 g. Molecular weight af'ter purification: 
Mns4 1,800, Hwb79,300, Mze=l41,700. Trans est:erification 
occurred during the time that tlie polymer was 
dissolved which broadened the molecular weight 
distribution. The protected lysine contend was 
analyzed by standard amino acid analysis and MMR. 



Both of these techniques indicate a lysine content of 
2% wlveare the maximiB is 5*. DSC analysis yields 
Tia»l58 -0 'C and Tg=55.1 "C. 

ExampX^ 3« Re»ovml ot th» B-e-hensyloxyearboayX 

protecting gxoixp from th* side eba±a o£ 
-lysis*. 

•SfHis is an eataii«>le of removing the 
M_e-beHzyl«>xycarbonyl protecting group fron the side 

chain of lysine. 

AXI the glassware was dried ovemie^t in a 130 "C 
oven and cooled under argon. To the reaction vesscel 
was adaed 225 ml SiBtjH (1.4 M) , 9.9 g of the copolyBer 
tram example 2, 225 »1 methylene chloride, 1.8 g PdCl, 
(O.OlO M), and 2.1 ml NEt3 (O.016 M) in the order 
listed. The reaction was stixired at room tMperatuxe 
for five days. The catalyst, PdCl,, was removed by 
filtration. 150 ml of methanol was added and let 
stand 10 minutes, then the solution dumiped into excess 
methanolr approximately 300O »1. Let stand 30 
minutes < and then the precipitate collected by vacmun 
filtration. The polymer was dried under vaona. oaie 
product from this reaction is poly (lactic 
acid-co-lysine) . The yield is 79* which is 7.8 g. 
The molecular weights are: Mn-31,500, Hw"44,l00, 
Mz-69,700. Proton NNR indicates that 7S% of the 
protecting residues %wre rMioved idtile amino acid 
analysis indicates that 88* of the lysine units remain 
in the polymer. The IR spectrum was consistent and 
DSC analysis shows two melting peaXs with the onset of 
the more intense peak at Tib-3.59.2 -C and Tg-S5.7 
Bxangtie 4x Processing of the eopolyaar syntbesixed 
in sxai^le 3. 

Tbis example illustrates the processibility of 
the copolymer synthesized in example 3. 

solvent Casting: Poly Ciactic acid-co-lyeine) 
from Exaaqple 3 (lOa mg) was weighed out into a 
standard 10 ml glass beaker. . Chloroform (2 ■!) was 
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added /t^o dissolve the polymer. The chloroforiD was 
allowed to evaporate very slowly over a 48 hour 
period* In order to remove the film from the beaJcer* 
it was submersed in water for 4 hours*. The free 
standing film is easily handled without .breaking and 
can be with a razor blade or scissors. Its 

appear a^nce translucent* 

compression Molding: Poly (lactic 
acid-cQ— lysine) from Example 3 is ground t.o a fine 
powder • The powder (150 mg) is put into a die (1.4 cm 
diamet.exr) and compressed at 10,000 psi for 30 minul^es 
while tilie top and bottom compression plates are at XOO 
^'C. Ttxi^s type of film can be easily handled, but 
higher t:emperatures are necessary to obtain a 
transluoent film. Higher temperatures also cause the 
film to become brittle. 

Example 5: The hydrolytie degradation of the poly 

(lactio acid-eo-lysine) • 
. Tbi-s example illustrates tbe hydrolytie 
degradation of the i>oly (lactic acid-co-lysine) 
descril^ed in example 3. 

The solvent cast films of poly (lactic 
acid-co- lysine) from Example 4 were immersed in PBS pH 
7.2 at: 37 *C with rotational agitation at 120 xpa. 
The buf f vas changed weekly and the films were 
sacrificed at various time points; These films 
degrade more quickly than homopolymers of lactic aci<2. 
By five weeks, the Mw of the copolymer was half of its 
original value and the films bad lost integrity, 
breaking up into many pieces. The remaining weight of 
the films decreased gradually. By 23 weeks more than 
40% of tbe weight was lost. lactic acid was also 
released into the buffer, as determined by an 
enzymatio assay. 
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2xunpl« «t Bulk attael»«Bt of eWJOT-peptld. into 
poljmer syi»tbcsi««d In szamplc 3 

Ttfcls is an exaii«>le of the attactoent of the GRGDY 
peptide onto the prinary anino groups of the bulJc 
polynezr synthesized in Bxanple 3. 

^e polywtt- froB Btaaipl* 3 (tOZ wg} vas dissolved 
in 1 »X of dichloromethane and then 1.5 ■! of 
dinetby^lsttlf oxide %ras added. The GRGDY pepUde (1.15 
ag, 2.0 /aw>l) was dissolved in 1 al of 
di^thylsulfoxide. A solution of carbonyldiiiddasole 
(CDI) w^s prepare in dichloroaethane at a 
concentx-ation of 10 ng/nl. 0.0627 nmol/aa. The 
polymer and peptide solutions were combined, and then, 
0.375 ml (equivalent to 23.1 |mol) of the 10 ag/nl 
solution of CDI was added over a 4 hour period. Xh«. 
dicholox-onethane was renoved by evaporation and 5 ml 
of watef was added. The polymer precipitated and was 
collected by vacuoa filtration. Amino acid analysis 
of the peptide aodif ied sample yielded 3 |«mol of 
peptidc/g of polymer. Appropriate controls contained 
no peptide. 

Bxaa^le 7» 6R0DT-p^i«e mttaehment to preeessed 

films from Example 4. 

OUis is an example of modifying the surface of 
solvent cast films from Example 4 with the ©Wa)Y 
adhesion peptide. 

solvent cast films from Example 3 were inaersed 
in 10* aqueous acetone for one hour and then rinsed in 
O.Ol » pyridine. Next the films were activated with 
glutaraldehyde (5* in 0.01 N aqueous pyridine buffer, 
pH- 6.0) for 3 hoiars, rinsed with 0.01 H pyridine, I»H 
6.0 for 1-2 minutes and then exposed to the «BGDY 
peptide (0.5 mg/Bl in PBS, pH 7.2) for 16 hours. 
After 16 hours, the films were rinsed for 2 minutes 
each in a series of 6 buffers or water: O.Ol H 
pyridine, pH 6.0; deionieed water; 0.1 M sodiua 
acetate, pH 5.5; 1 M sodium chloride; phosphate 
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tmffered saline, pH 7.2; and deionlzed rater (in that 
order) • 

Example 8: Cell adhesion to nodified filns froB 
SxaiDple ?• 

Tliis example illustrates the ability of cells to 
adhere t^e peptide modif ied >f ilais from Exaxsple 1. 

Tbe films from example 7 were sterilized by 
exposux-e to ultraviolet radiation tor 15 minutes on 
each side and then placed in a sterile cell adhesion 
'apparatus. The vellis were filled with 0.4 ml of 
serum-free Dulbecco's Modified Eagle Medium and 3T3 
mouse fibroblasts were added to the medium so that the 
initial clensity was approximately 10,000 cells/cn?. 
The cells were incubated at 37*C for 4 hours, then 
washed 3 times with Hanlcs Balanced Salt Solution, and 
the remaining cells were visually counted* The ' 
percentagre of cells that remained on the peptide 
modified surface was higher (26 ± 1 %, n»6) than on * 
untreated surf aces (6 ± 8 %> n»6) • 

Modifications and variations of the present 
invention will be obvious to those skilled in the art 
from the foregoing detailed description. Such 
modifications and variations are intended to com 
within the scoi>e of the appended claims. 
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claim; 

i . A biodegradable, biocompatible poly»er 
£or»ea ^ polymerization of monomer, formed by e 
ajoino acids and a hydroxy acids. 

3 . The polymer of claim 1 »rtierein.tbe a amino 
acids ^» generally of the formula: 

jl, R'<<XS-CO-OB, wh«?ei» » and R' are 
independently H or a linear or branched alJcyl. R, 

3 . The polymer of claim 1 wherein the a amino 
acids are generally of the formula: 

R-', R'"-C1IB,-CCM>H, wherein R" and R'" are 
independently H or a linear or branched alkyl; any 
nrotected primary or secondary amino group; any 
Lotec^d ester; any protected hydroxyl; any protected 
sulfide; any protected amide; any protected guanidino; 
or any protected imidazole. 

4 . Ttoe polymer of claim 1 wherein ttoe a hydroxy 
acids «e selected from the group consisting of lactic 
acid, ^lycolic acid, hydroxytoutyric acid, and valeric 

"^'^'^'s. The polymer of claim X herein the amino acid 

is lysi^^^ 

6. The polymer of claim 1 wherein biologically 
active'moietieB are coupled to free carboxylic acids, 
amino groups, sulfide groups, or hydroxyl groups on 

ttoe amino acids. 

7 . Ttoe polymer of claim 6 wherein the 
biologically active moieties axe selected from the 
group consisting of GRGDY, YIGSR and other RGD 

A process for making a biocompatible, 
biodegradable polymer coniprising forming a 
prepoiywer by chemically coupling an a amino acid and 
an o hydroxy acid and 

polymerizing the mon«DerB« 



WO94/097M 



FCT/VS9Bn06SS 



-31- 

9. The process of claim 8 wherein 1:he a amino 
acids ajre generally of the formula: 

Il'-COH-CO-OH, %rtierein R and are 
independently H or a linear or branched aUcyl. 

lO* The process of claim 8 wherein the o amino 
acids asr^ generally of the formula: 

' , R"'-CNH2-co-OH, wherein R'' and R'" are 
indepen<aently H or a linear or branched alkyl; any 
protected primary or secondary amino .group; any 
protect^ecl ester; any protected hydroxyl; any proteqted 
sulfide; any protected amide; any protected guanidinb; 
or any pz'dtected imidazole. 

11 , The process of claim 8 wherein the a hydroicy 
acids are selected from the group consisting of lactic 
acid^ glycolic acid, hydroxybutyric acid, and valeric 
acid. 

12* ^a process of claim 8 wherein the amino 
acid is lysine. 

13 . The process of claim 8 further comprising 
coupling biologically active moieties to free 
carboxylic acids, amino groups, sulfide groups, or 
hydroxyl grroups on the amino acids. 

14. The process of claim 13 wherein the 
biologically active moieties are selected from the 
group consisting of GR6DY, YIGSR and other RGD 
peptides* 

15. The process of claim 13 further comprising 
forming tbe polymer into a matrix for seeding with 
cells. 

16. The process of claim 15 further comprising 
seeding the matrix with cells. 

17. A method for implantincr cells into an aninal 
comprising forming a matrix of a biocompatible, 
biodegradzible polymer having biologically aotive 
moieties chemically coupled to tbe polymer. 
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ThB method of claim 17 wherein the polymer 
is preE>ared from prepolymers formed hy chemically 
couplir^g an « amino acid and an o hydroaqr acid, 

polymerizing the monom«'S, and 

ooupling biologically active moieties to free 
carlx>xy^lic acidfe, amino groups, sulfide groups, or 
hydroxy 1 groups on the amino acids. 

♦ The process of claim 18 wherein the a 
hydroxy^ acids are cyclized with an a-hydroacy acid with 
an a-asalno acid to yield a 
3 , 6-di^^iJfc>stituted-2 , 5-morpholinedione • 

20. ThB process of claim 17 wherein the c amino 
acids a^re generally of the formula: 

R'-COH-CXKOH, wherein R and are 
indepen<aently H or a linear or branched alJcyl. 

21 • T!be process of claim 17 wherein the a 
hydroxy acids are selected from the group consisting 
of lactic acid, glycolic acid, hydroxylHityric acid, . 
and valeric acid. 

22 . Tha process of claim 17 wherein the aninp 
acid ie lysine. 

23. The process of claim 17 wherein the 
biologically active moieties are selected froa the 
group consisting of GRGDY, YKSSR and other RGD 
peptides- 

24. The process of claim 17 further comprisino 
forming "the polymer into a matrix suitable for seeding 
witli cells. 

25. The process of claim 24 further comprising 
seeding matrix with cells. 

26- «ie process of claim 24 wherein the cells 
are ©elected frcan the group consisting of h^atocyte^, 
pancreatic cells, intestinal cells, uroendothelial 
cells, sXin cells, muscle cells, nerve cells, and bone 
cells. 

27. The process of claim 25 further coinprising 
implanting the matrix seeded with cells. 
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2B « A biocompatible, biodegradable polymer 
having :3>iologically active moieties cbemically coupled 
to the jpolymer. 

29 « The polymer of clain 28 wherein the polymer 
is prepa^red from prepolymers formed by chemically 
coupl±xi9 an a aimino acid and an a hydroxy acid, 

polymerizing the monomers, and 

ooupling biologically active moieties to free 
carboxylic acids, amino groups, sulfide groups, or 
hydroxyX groups on the amino acids. 

30» The polymer of claim 29 vherein the 
biologdcally active moieties are attachment peptides* 
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